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Three c r i te r ia  t h a t  should be considered i n  t h e  
real-time t a r g e t i n g  of  t he  S-IVB s t a g e  are: 

1. Adequate range f r o m  &e impact t o  a l l  
o p e r a t i n g  seismometers ( a t  least  250 km 
f o r  Apollo 15)  

2.  Minimum unce r t a in ty  i n  t h e  p o s t - f l i g h t  
determinat ion of t h e  range 

3. The s p e c i f i e d  azimuths from the  impact t o  
t h e  seismometers. 

The s p e c i f i c a t i o n  of t h e  S-IVB impact p o i n t  
should consider  t he  e f f e c t  of p o t e n t i a l  miss d i s t ances  of up 
t o  350 km as w e l l  as t h e  tendency for  errors i n  t h e  pos t -  
f l i g h t  impact p o i n t  determinat ion to.  r e s i d e  mostly i n  t h e  
north-south d i r e c t i o n .  
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The u l t i m a t e  goal of the S-IVB lunar  impact 
maneuver i s  t o  achieve an impact of t h e  spen t  s t age  a t  
a pre-selected p o i n t  on the  moon's sur face .  T h i s  i s  
accomplished by a l t e r n a t e l y  t lracking t h e  s t a g e  and t h r u s t i n g  
u n t i l  a s a t i s f a c t o r y  t r a j e c t o r y  i s  achieved. Due t o  the  
exigencies  of l imited s t a g e  l i f e ,  APS f u e l ,  and t r ack ing  
t i m e  t h i s  process r e s u l t s  i n  an impact p o i n t  t h a t  may be as  
much as 350 k m  from t h e  desired po in t .  I n  add i t ion ,  t h e  
a c t u a l  impact p o i n t  is  determined by p r o j e c t i n g  t h e  observed 
t r a j e c t o r y  u n t i l  it i n t e r s e c t s  the  moon's sur face .  Un- 
c e r t a i n t i e s  i n  the  t r ack ing  data and i n  t h e  loca t ion  of 
the moon can r e s u l t  i n  u n c e r t a i n t i e s  i n  t h e  ca l cu la t ed  
range from the impact t o  t h e  seismometer of 15 k m  o r  more. 
Thus it i s  u s e f u l  t o  d e t a i l  a philosophy of impact p o i n t  
t a r g e t i n g  and s p e c i f i c a t i o n  t h a t ,  w i th in  the c o n s t r a i n t s  
of s c i e n t i f i c  d e s i r a b i l i t y  and ope ra t iona l  necess i ty ,  
maximizes the p r o b a b i l i t y  of achieving a s a t i s f a c t o r y  
impact p o i n t  and minimizes the  unce r t a in ty  i n  t h e  f i n a l  
range determination. 

Target ing 

The  primary usefulness  of the S-IVB impacts is  t o  
provide a l a r g e  amount of seismic energy i n j e c t e d  i n t o  the 
moon a t  a known d i s t a n c e  and t i m e  s o  t h a t  t h e  physical  
s t r u c t u r e  of the moon as a func t ion  of depth can be i n f e r r e d  I 

from the r e s u l t a n t  s i g n a l s  de t ec t ed  by t h e  seismometers. 
The key word here  i s  depth. The S- IVB seismic experiment 
i s  a p r o f i l i n g  experiment; i .e . ,  i t s  purpose i s  t o  determine 
the v a r i a t i o n  of phys ica l  parameters (dens i ty ,  seismic 
v e l o c i t y )  with depth. S e i s m i c  energy pene t r a t e s  i n t o  t h e  
moon f r o m  the impact p o i n t  and then, because of t h e  inc rease  
of seismic v e l o c i t y  with depth,  is  r e f r a c t e d  back up toward 
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t he  su r face  much a s  l i g h t  i s  r e f r a c t e d  by a l e n s .  The 
maximum depth t h a t  t h e  energy can reach and s t i l l  be 
r e f r a c t e d  s u f f i c i e n t l y  t o  reach the seismometer is 
approximately propor t iona l  t o  the  d i s t a n c e  from t h e  impact 
p o i n t  t o  t h e  seismometer. Thus the Apollo 1 3  impact a t  
3.35 k m  range produced de tec t ab le  energy t h a t  pene t ra ted  
about 20 km i n t o  the  moon. The Apollo 1 4  impact w a s  t o  
h i t  300 km away and provide information down t o  40  km. 
I n  order  t o  bu i ld  up a p r o f i l e  of the  moon, then ,  ever  
i nc reas ing  ranges t o  the impact po in ts  are needed so  
t h a t  deeper regions of the moon a r e  sampled. Therefore,  
t he  f irst  p r i o r i t y  goal of the t a r g e t i n g  maneuver is  to  
achieve an adequate range t o  a l l  opera t ing  seismometer 
s t a t i o n s .  Adequate i n  t h i s  sense would mean a t  least  50% 
grea t e r  than t h e  longes t  range so f a r  achieved. For t he  
Apollo 15 impact this would be 250 km. Thus a course 
co r rec t ion  would be d e s i r a b l e  i f  t h e  p ro jec t ed  impact i s  
less than 250 k m  from ei ther  t h e  ALSEP 1 2  o r  14 seismometer. 

I t  i s  no t  c o r r e c t ,  however, merely t o  say t h e  
f a r t h e r  t he  b e t t e r ,  because t h e  de tec ted  s i g n a l  s t r e n g t h  
decreases w i t h  i nc reas ing  range. How f a r  away one can 
d e t e c t  an S-IVB impact i s  con jec tu ra l  a t  p resent ;  indeed 
it has been suggested by Latham t h a t  s p e n t  s t a g e  impacts 
could be detected a t  t h e  maximum range of 1 / 2  t he  lunar  
circumference,  To be conservat ive,  however, one might 
se t  a maximum acceptable range a t  20% greater than t h e  
maximum nominal range. For Apollo 15 the maximum nominal 
range i s  480 k m  ( to  the  Apollo 1 2  ALSEP) s o  t h a t  575 k m  
would be a conservat ive upper l i m i t  f o r  range. 

These range c r i t e r i a  as w e l l  as t h e  azimuth 
cr i ter ia  t o  be mentioned l a t e r  a r e  shown on Figure 1. The 
350 k m  impact f o o t p r i n t  i s  a l s o  ind ica t ed  on this f igu re .  
Rbout 2/3 of t h i s  f o o t p r i n t  l i es  i n  p re fe r r ed  o r  acceptable  
regions.  

A second p r i o r i t y  ob jec t ive  of the  impact maneuver 
would be t o  achieve an impact p o i n t  that allowed a minimum 
uncer ta in ty  i n  the  p o s t  f l i g h t  ana lys i s  of range of impact 
from instruments.  A l m o s t  a l l  of  the analyses  of t h e  seismic 
da ta  depend on an accurate  number f o r  t h e  range, and un- 
c e r t a i n t i e s  i n  t h i s  basic parameter are d i r e c t l y  r e f l e c t e d  
i n  the f i n a l  r e s u l t s .  Therefore,  any maneuvers that  a r e  
l i k e l y  t o  degrade the  f i n a l  range p rec i s ion  should be avoided 
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and ope ra t iona l  techniques t o  improve t h i s  p rec i s ion  should 
be sought. 
accura te  range t o  the  seismometers, which i s  n o t  necessa r i ly  
equiva len t  t o  accurate  l a t i t u d e  and longi tude of the impact 
point .  The optimum accuracy f o r  t h e  range determination 
i s  +1%, - o r  a f e w  ki lometers  a t  the ranges of i n t e r e s t .  

It  should be noted tha t  t h e  requirement is  

A t h i r d  p r i o r i t y  goal i n  the real-t ime t a r g e t i n g  
maneuver would be t o  achieve (wi th in ,  s ay ,  + l o o )  t h e  s p e c i f i e d  
azimuth from t h e  impact p o i n t  t o  the  seismoifieters. I n  a 
r a d i a l l y  symmetric moon, azimuth would n o t  be a r e l evan t  
f a c t o r .  However, there a re  ind ica t ions  that  s i g n i f i c a n t  
l a t e r a l  inhomogeneities may e x i s t  both near  t h e  su r face  
and a t  depth wi th in  the  moon. Cer t a in ly ,  the  boundary 
between highland and m a r e  regions i s  l i k e l y  t o  r ep resen t  
a seismic d i scon t inu i ty  of de t ec t ab le  magnitude. Thus the 
azimuth t o  the seismometers i s  an important s p e c i f i c a t i o n  
of t h e  impact po in t ,  al though second i n  p r i o r i t y  t o  
range cons idera t ions .  , 

Spec i f i ca t ion  

The major f a c t o r  i n  choosing the S- IVB impact 
p o i n t  and t h e  one t h a t  i s  beyond t h e  scope of t h i s  paper 
i s  simply the s c i e n t i f i c a l l y  d e s i r a b l e  ranges and azimuths 
from t h a t  p o i n t  t o  t h e  seismometers. T h i s  i n  t u rn  depends 
on t h e  h i s t o r y  of p a s t  impacts,  t h e  p r e s e n t  l oca t ions  of 
seismometers, t he  number of f u t u r e  impacts t h a t  are l i k e l y  
t o  be ava i l ab le ,  and one ' s  not ion of w h a t  t h e  m o n  is  l i k e .  
The i n i t i a l  impact (Apollo 13)  was t a r g e t e d  200 km from t h e  
ALSEP 1 2  seismometer, and 135 k m  w a s  a c t u a l l y  achieved. 
The second impact (Apollo 1 4 )  was t a rge ted  300 k m  from the 
s e i s m o m e t e r  w i t h  172 k m  achieved. The Apollo 15 impact i s  
t o  be the  f i r s t  S-IVB t o  be de t ec t ed  by t w o  seismometers and w i l l  
be t a r g e t e d  t o  h i t  300 k m  from ALSEP 1 4  and 480 km f r o m  
ALSEP 1 2 .  

However, i n  addi t ion  t o  the s c i e n t i f i c  cons idera t ions  
t h a t  l e d  t o  t h e  choice of these po in t s  there e x i s t  engineer ing 
and opera t iona l  f a c t o r s  t h a t  should a l s o  be considered. The 
most obvious i s ,  of course,  t he  350 k m  rad ius  pre-maneuver 
f o o t p r i n t  f o r  t h e  impact. Although t h i s  is a worst-case 
number assuming v i r t u a l l y  no tweaking of t he  t r a j e c t o r y  a f t e r  
an i n i t i a l  p ro j ec t ed  impact p o i n t  i s  determined, it should 
n o t  be dismissed as impossible;  the Apollo 1 4  impact missed 
i t s  s p e c i f i e d  target p o i n t  by 280 km. A second order aspec t  
of t h i s  uncer ta in ty  is  t h a t  the  f o o t p r i n t  is  not  a c i rc le  
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b u t  an e l l i p s e  whose e c c e n t r i c i t y  and o r i e n t a t i o n  i s  a 
func t ion  of both the  landing si te f o r  the  mission and 
the impact p o i n t  f o r  t h e  s tage .  However, except  f o r  
high l a t i t u d e  impacts o r  impacts f a r  t o  t h e  east ,  t he  
e l l i p t i c i t y  of the  d ispers ion  f o o t p r i n t  i s  r e l a t i v e l y  small. 

I n  addi t ion  t o  a l a r g e  uncer ta in ty  i n  t h e  p red ic t ed  
impact po in t ,  the na tu re  of t h e  p o s t - f l i g h t  e r r o r  ana lys i s  
should also be considered i n  choosing an impact po in t .  
For example, the  d e t a i l e d  ana lys i s  of t he  Apollo 1 3  impact, 
Ref. 1, revealed t h a t  t h e  coordinate of t h e  impact p o i n t  
was 27.9 + 0.1OW longitude by 2 .5  + 0 .5OS l a t i t u d e ,  i . e . ,  
- +15 k m  uncer ta in ty  i n  t h e  north-socth d i r e c t i o n  and only 
+3km - uncer ta in ty  i n  t h e  east-west. The  t i g h t e r  error ba r s  
i n  longi tude are a d i r e c t  r e s u l t  of having an accurate  
impact t i m e  t o  cons t ra in  the  so lu t ion .  I n  t h i s  case the  
impact was almost due w e s t  of the seismometer so  t h a t  the 
uncer ta in ty  i n  range (-3.8, + 5 . 4  k m )  w a s  con t ro l l ed  more 
by the longi tudina l  precis ion,  than t h e  l a t i t u d i n a l .  
the  optimum range accuracy i s  on the  o rde r  o f  1%, +3 k m  
( = 0 . l o  of l a t i t u d e )  e r r o r  i s  a s i g n i f i c a n t  improvezent 
over a +15 k m  ( = 0 . 5 O  of longi tude)  e r r o r  a t  ranges of 300 
t o  500 Em. Hence the S- IVB should be t a rge ted  general ly  
east-west of the seismometer i f  maximum range p rec i s ion  
i s  desired.  

Since 

Summary 

Decision po in t s  i n  the real-t ime t a r g e t i n g  of 
the S- IVB s t a g e  should consider  the  fol lowing cr i ter ia  
i n  o rde r  of p r i o r i t y :  

1. adequate range from the impact t o  a l l  

2. minimum uncer ta in ty  i n  the p o s t - f l i g h t  

ope ra t ing  seismometers, 

determination of the  range, 

3. the s p e c i f i e d  azimuths from the impact 
t o  t h e  seismometers. 

The s p e c i f i c a t i o n  of the S- IVB impact p o i n t  should 
consider t he  e f f e c t  of r e l a t i v e l y  l a r g e  p o t e n t i a l  miss 
d is tances  between t h e  des i r ed  and the a c t u a l  impact p o i n t s  

h # a 
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as w e l l  as the tendency f o r  e r r o r s  i n  t h e  p o s t - f l i g h t  
impact p o i n t  determination t o  r e s i d e  mostly i n  t h e  north- 
south d i r e c t i o n .  
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